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ATPSTRACT

In 1963, the operating frequency of the very-low-frequency
(vlf) transmitting station NPG, located near Seattle, Washington,
was changed from 18.6 kc/s to 24.0 Rc/s. DECO Electronics,
Inc., was contracted to predict the communication reliability
of the NPG 24.0 Rc/s transmissions in the western Pacific
Ocean area. Through the generosity of a Japanese research
group at the Inubo Radio Wave Observatory in Choshi, Japan,
some experimental data were obtained and have been used to evalu-
ate the DECO predictions in a portion of the area covered, the
southeast coast of Japan.

Comparison of the experimental and predicted data show
very good agreement. The received field strengths, as observed,
were slightly higher than predicted. The predicted atmospheric
noise levels showed very close agreement with the measured data.
The observed communication reliability was about 76 percent for
manual cw, and was predicted to be about 52 percent. For auto-
matic teletype, the observed and nredicted reliabilities were
814 and 62 percent, respectively. Therefore, for the ocean area
in the vicinity of southeast Japan, the reliability of NPG 24.0
kc/s transmissions, assuming a radiated power of 250 kw, would
be better than predicted.

PROBLEM STATUS

This is an interim report on one phase of this problem;
wonk is continuing on this and other phases.

AUTHORIZATION

NRL Problem 54R0l-39
BUS}IPS Problem SROO-01-01 Task 7028
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COMMUNICATIONS OFLIABILITY
OF TRANSMISSIONS FROM

NAVAL RADIO STATION (T),
JIM CREEK, WASHINGTON,

NPF AT 24.0 KC/S

INTRODUCTION

Efficient deployment of fleet ships requires an ability
to predict the reliability of communications over a long
period of time and in any ocean area of the world. One of
the missions of the ELF-VLF Propagation Center established
at the U.S. Naval Research Laboratory (NRL) is to provide
the Navy with very-low-frecuency (vlf) communication-
reliability prediction information for all the ooear. areas
and to update this information continuously.

In carrying out the mission of the ELF-VLF Propagation
Center, NRL contracted to have DECO Electronics, Inc., pre-
dict the communication reliability, in the western Pacific
Ocean area, for the vlf transmissions from the Naval Radio
Station (T), Jim Creek (NPn) at an operating frequency of
2t4.O kc/s, At the time of this contract there were com-
paratively little experimental data available for this
frequency for determining the various propagation parameters.

From October 1963 through May 1964, NPG transmissions
were made at a frequency of 2'.0 kG/s. Through the generous
cooperation of Mr. Akira Sakurazawa, the former Director,
and Mr. Katsuhiro Yamada, the precsnt Director of the Inubo
Radio Wave Observatory in Chosbi, Japan, NRL has received
data on the field strengths of these 24.0 kc/s transmissions
and atmospheric noise recorded at Choshi. These data provide
the only reliable, experimental information available for
evaluating the accuracy of the DECO (1) predictions and for
updating them. Recently, however, there have been two
experiments, one airborne and one ground based, performed
in the western Pacific Ocean area to obtain a better under-
standing of vlf propagation in these areas at frequencies
above 20 kc/s. The airborne experiment vas performed and
reported by NRL (2), while the ground-based work was

soon.

The purpose of the present report is to publish the
experimental data recorded at Choshi, Japan, by the Japanese
investigators and to compare these data with the predictions
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by DECO for that area. The transmission field-strength data
can be extrdpo.ated to other areas of the western Pacific
Ocean, but the great variability of the atmospheric noise
in that area precludes at.y extrapolation of the signal-to-
noise-ratio u3ta.

CHOSHII DATA BACKGROUND

A vlf radio-wave-propagation research program has been
carried out at the Inubo Radio Wave Observatory since 1960,
or before. Until March 1964, Mr. Akira Sakurazawa was
Director of this Observatory, and it was through Mr.
Sakurazawa that NRL received the experimental data reported
here. Mr. Katsuhiro Yamada is now the Director of the
Observatory, and the informal exchange of unclassified vlf

propagation information between that organization and NRL
has continued.

The reporting of the Choshi data presented here has been

delayed considerably while efforts were made to determine the
techniques employed in recording the data and reporting it to
NRL so that its processing and analysis by NRL wculd be more
accurate. The differences in language and national customs
prevented a complete understanding of these techniques.
Therefore, certain assumptions, which are considered to have
a high probability of being correct, had to be made by NRL.

It has beezi assumed that the atmospheric-noise data recorded
at the Inubo Observatory are the average values of the noise,
and that the field-strength-measuring equipment was calibrated

using an rms meter as the reference. It could not be ascer-
tained whether the data as given to NRL were signal plus

noise and noise, or signal and noise. It was assumed that
the data were signal plus noise and noise. This ass"'ption,

therefore, if incorrect, produces pessimistic results. That
is, it results in the field strengths of the NPG transmissions,
as reported here, being equal to or slightly less than the
true value. This means that the experimentally determined

signal-to-noise ratios presented are also equal to or slightly
less than the true values. The atmospheric-noise data were
unaffected by this latter assumption.

The atmospheric-noise data recorded at Choshi were in an

80-cps bandwidth, but, except as noted, the data as reported
have been n.rm.alized to a IDo-cps bandwidthl. The three-
minute key-down and key-up periods provided by NPG approxi-
mately every hour or two hours were used for obtaining signal
and atmospheric-noise data. The signals were received on a
sloping wire antenna 40 meters long with the open end 20 meters
above the ground. The receiving system was calibrated by use of

CONFIDENTIAL
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a loop antenna and a standard field-strength meter,

It is impossible to state an absolute measurement
accuracy, but it is believed that the overall accuracy should
be consistent with the general state of the art for such long-
term field-strength measurements.

CHOSHI EXPERIMENTAL DATA

The field strengths of the NrG (24.0 kc/s) transmissions
and of the average atmospheric noise, and the ratio of these
values (S/N) recorded at Choshi, Japan, from October 196:3
through May 1964 are presented in various forms in Figs, 1
through 418.* In these graphs, the NPG field strengths have
been normalized to a radiated power of one kilowatt (kw),
while the average atmospheric noise levels have been normalized
to a lO0-cps bandwidth, with the signal-to-noise ratios being
the ratios of these normalized values. Figures I through 40
present the data on a monthly basis, with each successive
group of five figures being the data for each succeeding month
presented in the same formats. For instance, Figs. 1 through
5 are for October 1963. Figure 1 shows the hourly mean, plus
and minus one standard deviation (c ), of the NPG field
strengths. Figure 2 gives the same type of information for
the normalized signal to average atmospheric noise ratios
(S/N), and the number above each data point indicates the
number of data samples at that hour for the particular month.
The same type of information as g iven in Figs, 1 and 2 is
given in Fig. 3 for the average atmospheric noise. The
number, of data samples is identical for both signal and
atmospheric noise field strengths and is the same as that
given in the signal-to-noise ratio plots. The cumulative
probability d(stributl..Io- of the NPrC and average atmospheric
noise field strengths, and normalized signal to average
atmospheric noise ratios (S/N), are given in Figs. 4 and 5,
respectively.

The data contained in Figs. 1 through 40 have been
combined into sezsonal cumulative probability distributions
of the NPG transmissions, signal-to-noise ratios, and average
atmospheric noise,and are presented in Figs. 41, 42, and 43,
respectively. The cumulative probability distributions of
the NPG field strengths and signal-to-noise ratiosi recurded
when the propagation patV. was all in daylight, darkness, or
transition are given in Figs. 44 and 45, respectively. The

* All figures are bound consecutively at the end of this report,
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cumulative probability distributions of all data samples
recorded between October 1963 and May 1964 for the NPG field
strengths, signal-to-noise ratios, and average atmospheric
noise are given in Figs. 146, 47, and 48, respectively.

It should be noted that the number of data samp]]s re-
corded during the winter (December 1963 through Fbruar, 19611,

, igs. 41 through 43) is greater than for any otber season, and,
therefore, the winter data greatly influence the cumulative
probability distributions plotted in Figs. 46 through 48.
The period of the data and the number of data samples pre-
sented were limited by the duration of NPG transmissions at
24.0 kc/s and by the number of three-minute, key-down and
key-up periods provided by NPG. There are only two months
of data recorded during the fall season. Although three
months of data were recorded for the spring season, the
special NPG transmissions were sent only at two-hour inter-
vals. Since the NPG transmissions were at 18.6 kc/s before
October 1963 and after May 1964, there are no 24.0 kc/s data
for the summer months. The seasons quoted, of course, are for
the propagation path from NPG to Choshi, Japan, which is
entirely in the northern hemisphere.

DECO PREDICTION METHODS

As previously stated, DECO Electronics, Inc., through a
contract with NIRL, predicted the field-strengih probabilit-'
an(' commun5ation reliability fcr the NPG, 24.0 kc/s trans-

missions in the western Pacific -cean area (1). These proba-
bility predictions were for al! hours of the year and evolved
from the following procedures.

1. The median field strengths of the transmissions were
calculated using the waveguide-mode equation for many re-
ceiving points in the area of interest when the entire propa-
gation path to each point was in dayligwht, transition, or
darkness.

2. Since the field strength at a distant receiving point
is not constant even for the same solar conditions, the distri-
bution of the field s-ýrength with time had to be determined.
Based partially on expe'iientai data and partially on estimates
of uncertainty factors, the standard deviation for this log-
normal distribution was established.

3. The rms atmospheric noise levels, and their distribution
with time for the various receiving points, were determined
from Report 322 of the International Radio Consultative

CON FIDENTIAL
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Committee (C.CýI.Rc) (3)

4o The calculation of field-strength probabilities was
done using the information in (1) and (2) above.

5, The communication-reliability predictions were
calculated by time correlating the field-strength and
distribution data from (1) and (2) with the atmospheric-
noise data from (3).

In the calculation of the median field strengths,
discussed in (1) above, the only time-dependent variable
was the ionospheric condition; that is, whether the entire
propagation path was in daylight, transition, or darkness.
Consequently, the calculated field strengths had no seasonal
dependence. This condition is normal for most field-
strength predictions of this type, Therefore, the calcu-
lation of field-strength probabilities by DECO for all hours
of the year was dependent upon the seasons only in that the
number of hours that the propagation paths were in daylight,
transition, or darkness varied with the season, The atmos-
pheric-noise levels predicted by Ch C.I.R, (3) have a diurnal
and a seascnal dependence. Therefore, the communication-
reliabilitv predictions had both a seasonal and a diurnal
dependence,

The above discussion of the methods used by DECO in
arriving at their predictions provides background information
for the comparison of the experimental data presented here
with the predictions. This comparison is complicated by the
experimental data being for only eight months of the year andý
the predictions being based on a full year.

CO!! PAp ISON OF .EXPERTMENTAL AND PREDICTED DATA

Transmission Field Strengths

The experimental data were recorded at Choshi, Japan,
which is on the coast, east o" Tokyo, at 350 12' N and 1400
51' I]. T'he receiving points uscd for calculations by DECO ware et

every 100 latitude and longitude. The two points used by DI:Cr6

that were closest to Choshi were at 300 N, 1400 E, and 40° Nf,
1400 L. Therefore, the predicted data for Choshi have been
taken to be the average in vol tagc of that pred ictA for these
two points, The predicted yearly field strengths of NPR,
24.0 kc/s transmi-sions with a radiated power of 250 kw taken
from DECO'S Table VII for the receiving points of interest,
aie given in Table 1 of the present report, Also includ d
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Cr C tict d Ye 3n-y i iC.d Streng1 hs
of NPC at ?14.0 kc/s

w.Lth a R<adiatcd Power of 250 kw

oac vet Lc cation Field Strength in db Above I i! ,r.
LCt. _Cu_ •;_ ion p i Iude Daytire Tran sit ion i htph ttic

0[• ]. 0°E 39 .6 It0 7 14 3.

30 . 4 0•0) 39 .0 39.9 1

3501 .1 ]1t 0 ': 393 iY 3 4 3 142, I

C'1Chosh va.ues ;,,ero taken as average in vcltaar- of the values
1 ,iven fo r thr othcu r two locati ons.

It has been well established experimentally that the
(I) stribtien of field strength with time is lon-normal The: C!
stand ard dieviat.en, o , of the field strength is dependent
upon the solar condition of the propagation path. Since
there were mractically no experimental data available for
aidinP, in T he DEC0 calc, ulat iens, DECO increase<[ tlhe Cstir 7ted

values af ae by one decibel to account for the uncertainties.
According to Croghan,''; the values of 0 e used 1 .. -;cO for
calculation- in the vicinity of Choshi were 5.b, 4 .3, and
3. 1 db for day, trans ition, and night, res-pectivelv, .P}ECO
;,Jso states that the'le is an additional unccrtainLy i-actor
whlich is lcp-normally distributed with a standrrd deviation,
cr, and which is also dependent upon the solar cond ition of
the rat- h. The values of Or used were It db for dayv, 5 d), for
t .aesition, and 6 db for, night. The funct inns yield ing ,e
and or are assumed to be independent, and therefore:, tbh
Tnut standard deviation for field strength during the day is

2 2 1/2
e : ( + o ) (1)

where a and o are the daytime values The standard
deviariens forr tLe tranTsitional and nighttime conditions,

:-Pr'Lvate Communisation with fir. koland Croghan of DECO
}'lectronics, in1.

6COlI FIL' EI T 1i',
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ot and a •, respectively, can be similarly determined.
Using Eq. •(] and the values given above, the predicted
standard deviations for the NPG, 24.0 kc/s field strengths
at Choshi were calculated to be 5.4 db fur day, 6.6 db for
transition, and 7.1 db for night.

The yearly field strengths predicted for Choshi from
Table 1 were combined with the above standard deviations
for day, transition, and night to give the field-strength
distributions based on the DECO predictions, and are pre-
sented in fig. 49. Also given in rip. 69 are the Choshi
experimental data from Fig. 44 increased by 24 db to account
for the difference in radiated power. The average power
radiated by NPC at 26.0 kc/s from October 1963 through
May 1964 was 23.5 db above 1 kw or 224 kw. The measured
and predicted data for the daytime and transitional propagation
paths agree very well. The general level and shape of the
observed nighttime data curves, in comparison with those for
daytime and transition (Figs. 44 and 49) are not as expected.
The data have been reverified, and there is no basis for
considering the data to be erroneous. The differences
between the day and night measured data could be the result
of modal interference, or some equipment-produced diurnal
probhem resulting possibly from a diurnal ambient temper-
ature cycle. Modal interference at such a distance (7.68
megameters) is not considered very likely, however. The
predicted an] measured NPC 26.0 kc/s field strengths at
Choshi are compared in Table 2 for the three solar conditions
of the propagation path and also for all hours combined, as
will be discussed later. Since there were no seasonal effects
considered in the predicted median field strengths for each
path condition, the lack of a complete year of measured data
does not alter this comparison.

Figure 49 shows the predicted probability distribution
of the IPI' field strengths during the periods whcn the
propagation path to Choshi was in daylight, transition or
darkness.

COUNPII);L14TIAL
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T abl'1e 2

Comparison of Predicted and Measured Field Strengths
of NPG (24.0 kc/s) at Choshi, Japan,

for October 1963 thro..gh May 1964

Median Field Strength Standard Deviation

Path (db Above I iV/m ) I (db)

Solar Pred . - Pred.-

Condition Predicted Measured Meas. Predicted Measured Meas.

Day 39.3 41.7 -2,4 5.4 6.5 -1.1

Transition 40.3 43.3 -3.0 6.6 7.4 -0.8

Night 42.5 52.5 -10.0 7.1 315 3.6

All Hours 40.3 45.4 -5.1 6.4 8.0 -1.6

The probability that any field strength is exceeded during
any period of time can be determined from

P At p +At p +At p
i d,i d ti t n,i n (2)

where, P is the probability that the
i particular field strength will

be exceeded during the period
considered;

At ,At , and At are the proportional parts of
di ti ni the period considered durinig

which daytime, transition, and
nighttime occurs over the entire
propagation path, respectively;
and

p , p , and p are the pribahilities that the
d t n particular field strength will

be exceeded during daytime,
transition, or nighttime all
along the path.

The experimental data presented in Fig. 49 were combined
to give the cumulative probability distribution for all hours
over the period of observation, October 1963 through May 19614
and this shown in Fig. 50. Also included in I'ig. 50 is
the probability distribution of the signal field strength

CO N F I DEN TI AL
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as would be predicted by DECO for the period October through

May and obtained by using Eq. (2). The experimental data
in Fig. 50 have a median value of 145.14 db above one micro-
volt per meter, with a standard deviation of 8 db. The

predicted curve shows a median of 40.3 db above one micro-
volt per meter and a standard deviation of 6.4 db. These
results are compared in Table 2. Comparing the predicted
field-strength probability distribution with that observed
for each season (Fig. L41) shows the greatest error to
exist during spring. The errors for the fall and winter
season are about equal but are less thai those for the
spring. Figure 5 of the DECO report has been reproduced
and is presented as Fig. 52. This figure shows a pre-
diction that, when considering all hours of the year-,
a field strength of 20 microvolts per meter (26 dh above
one microvolt per meter) would be exceeded about 99 percent
of the time at Choshi (east of Tokyo). The observed data
presented in Fig. 50 show that this field strength was
exceeded by 98.5 percent of the data samples recorded from

October through May.

Atmospheric Noise

Certain assumptions had to be made concerning the
* atmospheric-ncise data recorded at Choshi. Based on these

assumptions, which were discussed in more detail previously,
the observed atmospheric-noise data as reported for Choshi
are average values in a 100-cps bandwidth. The atmospheric-

noise values used by DECO are the rms values in a 1-kc/s
bandwidth and are the values predicted by C.C.I.R, (3).
The precise conversion of average atmospheric noise levels

to rms requires that the instantaneous amplitude probabiiity
distribution of the noise be known. This value is not
known. HIowever, the C.C.I.R. report (3) provides approximate
values ior the ratio of the rms to average voltage, Vd'
based on many amplitude-probability distributions recorded
at various locations throughout the world. This ratio,
V., varies with location, season, and time of day. However,
since there is not a great variation in V predicted fcr the
Choshi area for the seasons of interest, gn average value
of V d was used in converting the Choshi data to rms for
comparison. The values of Vd for the Choshi area for all
time periods from fall through spring were within 2 db of
the average value used. 8.4 db. Since the bandwidth-
conversion ratio from 100 cps to 1 kc/s is 10 db, the
average noise values recorded at Choshi in a 100-cps band-
width can be converted to rms in a 1-kc/s bandwidth by
adding 18.4 to all observed data prefiented for the overall

CONFIDENTIAL
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period of October through .ay. More precisely, the ratios
are 18.7 db, 18.3 db, arc] 10.1 db for the periods September
through November, Deci. iber through February, and March
through May, respecti,_,:] ..

The cumulatj'ie pro:)abii5ty distribution for the Choshi
data for each seam;Do are prescited in Fig. 43, with the
combined distribution foz all. data samples from October
through May given .,n Fig. [+E. The median values for the
observed average noise datc in a 100-cps bandwidth, as
presented, in Figs. 43 and '43, were increased by the
appropriate factors tc convert tlem to rms noise in a
l-kc/s bandwidth, and are gi en in Table 3 along with the
noise data given by DECO. E-!eryching considered, the
agreement of the two sets of 'ata is very good.

Table 3

Comparison of P.ed'c te&* and Measured
Atmospheric Noise Lt.vc:ls at Choshi., Japan,

From October 1963 througzh May 1964

Median rms Atmc,',bheric Noise in 1-kc/s Bandwidth
(db Above lvV/m)

Season** Predicted Measured Predicted-Measured

Fall 42,2 38.7 3.5

Winter 37.3 3b. 8 0.5

Spring 39.8 44,0 -4.2

1all-Spri ip . 39.9 38.4 1.5

*From C.C.IoR. Report 322 (3).
**Season in northern hemisphere.

Signal-to-Noise Ratios

The reliability of a communica ion circuit is, of course,
dependent upon the available signal--1,o poise ratio. The

tpi-jc -_casurcd and predicte IJPO-- flel

strengths and atmospheric noise show ratbher good agreement,
in general. However, because of the tie correlation of the
signal and noise levels, it does not neTCessarily follow that

the predicted and measured siinal-to-no• se ratios will also

CONFIDENTIAL
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show good agreement.

The cumulative probability distributions for the observed

NPG (24.0 kc/s) signal to atmospheric noise ratios for all
data samples are presented in Fig. 42 for each season and in
Fig. 45 for each solar condition of the NPG propagation path,
The same information for all data samples combined for the
period of observation is presented in Fig, 47. It should he
noted that the values given in Figs. 42 and 45 are the ratios
of the signal field strength, normalized to a radiated power
of one kilowatt, to the average atmospheric noise in a lO0-cps
bandwidth.

The data as prcsented in Fig. 47 were converted to the
ratios of NPC field strength for a radiated power of 250
kilowatts to the rms atmospheric noise in a l-kc/s bandwidth
and are shown in Fig. S1. Also included in Fig. 51 is the
predicted signal-to-nclso probability distribution, as given
for the Choshi, Japan, area by Fig. IV - 4 of the DECO report.
The predicted median signal-to-noise ratio given by Fig. 51
is 0.4 db, while the measured value is 6.5 db. The predicted
and measured standard deviations are 12.4 and 9.5 db,
respectively. If the receiving-system required signal-to-
noise ratio is known, the communication reliability can be
determined from Fig. 51. DECO states that the required
signal to rms atmospheric noise ratio in a l-kc/s bandwidth
is 0 db for manual cw and -3 db for automatic, 50-baud tele-
type when using the AN/BRR-3 receiver. Therefore, from Fig.
51 it cap be seen that the observed communication reliability
in the Choshi area is 76 percent for manual cw and 84 percent
for the teletype. Figures 53 and 54, which are reproduced
from Figs. 6 and 7 of the DLCO report, show predicted relia-
bilities of about 52 and 62 percent for cw and teletype,
respectively.

CONCLU SITONS

The predicted anc! measured values of NPC (24.0 kc/s)

field strength, atmospheric noise, signal-to-noise ratios,
and reliability all siowed rather good agreement. The
measured signal field strengths wcre, in general, higher
than predictea. Com parison of the measured nighttime signal
field strengths with t-ore measured during daytime or transition
indicated the possibility that the nighttine values were
somewhat erroneously hgn. If this were the true situation,
the overr-l agreement of the predicted and measured signal
field strengths and comn..1nication reliability would be closer,
since the predicted and measured atmospheric noise levels

CONFIDENTIAL
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showed very good agreement. When it is realized that at the
time the DECO predictions were made there were very little
experimental data from which to determine the propagation
parameters, the agreement is rather remarkable.

It has been demonstrated here that the DEC') predictions
for the general area around the southerstern part of Japan
agree very well with experimental data. However, it is not
intended to be inferred that there should necessarily be
good agreement throughout the entire area covered by the
DECO predictions. It is, nevertheless, quite probable that
wthe predicted field strengths would have approximately the
same accuracy throughout the pred'ction area as was shown
at Choshi.

There were some experimental vlf propagation data re-
corded on the ground in Guam and Japan and aboard an aircraft
in flight between California and that area during May, June,
and July 1965. These data were primarily for transmissions
from NPM and Haiku in Hawaii while operating on various
frequencies between 16.6 and 26.1 kc/s. The airborne experi-
ment was conducted and reported by NRL (2). The ground-
based experiment was carried out by DECO Electronics, Inc.,
and will soon be reported by them. The results of these
investigations will contribute greatly toward improving the
accuracy of future vif communication reliability predictions.

CONFIDENTIAL
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atmospheric noise ratios during December 1963

Fig. 13 Hourly mean and standard deviation of atmospheric
noise during December 1963
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Fig. 14 Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during
December 1963

Fig. 15 Probability distribution of NPG signal to atmos-
pheric noise ratios for all hours recorded during
December 1963

Fig. 16 Hourly mean and standard deviation of NPG field
strengths during January 1.964

Fig. 17 Hourly mean and standard deviation of NPG signal
to atmospheric noise ratios during January 1964

Fig. 18 Hourly mean and standard deviation of atmospheric
noise during January 1964

Fig. 19 Probability distributions of MPG and atmospheric
noise field strengths for all hours recorded during
January 196'4

Fig. 20 Probability distribution of NPG signal to atmos-

pheric noise ratios for all hours recorded during
January 1964

Fig. 21 Hourly mean and standard deviation of NPG field
strengths during February 1964

Fig. 22 Hourly mean and standard deviation of NPG signal
to atmospheric noise ratios during February 1964

Fig. 23 Hourly mean and standard deviation of atmospheric
noise during February 1964

Fig. 24 Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during
February 1964

Fig. 25 Probability distribution of NPG signal to atmos-

pheric noise ratios for all hours recorded during
February 1964

Fig. 26 Ho.ul.y mear and standard d evti1n of NM P f icd
strengths during March 1i64

Fig. 27 Hourly mean and standard deviation of NPG signal
to atmospheric noise ratios during March 1964
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Fig. 28 Hourly mean and standard deviation of atmospheric
noise during March 1964

Fig. 29 Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during
March 1964

Fig. 30 Probability distribution of NPG signal to atmos-
pheric noise ratios for all hours recorded during
March 1064

Fig. 31 Hourly mean and standard deviation of NPG field
strengths during April 1964

Fig. 32 Hourly mean ar'd standard deviation of NPG signal
to atmospheric noise ratios during April 1964

Fig. 33 Hourly mean and standard deviation of atmospheric
noise during April 1964

Fig. 34 Probability distributions of NPG and atmospheric
ncise field strengths for all hours recorded
during April 1964

Fig. 35 Probability distribution of NPG signal to atmos-
pheric noise ratios for all hours recorded during
April 1964

Fig. 36 Hourly mean and standard deviation of NPG field
strengths during May 1964

Fig. 37 Hourly mean and standard deviation of NPG signal
to atmospheric noise ratios during May 1964

Fig. 38 Hourly mean and standard deviation of atmospheric
noise during May 1964

Fig. 39 Probability distributions of NPG and atmospheric
noise field strengths for all hours recorded during
May 1964

Fig. 40 Probability distribution of NPG signal to atmos- I
pheric noise ratios for all hours recorded during

May 1964

Fig. 41 Probability distributions of NPG field strengths
for all hours recorded during the fall, winter,
and spring seasons
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Fig. 42 Probability distributions of NPG signal to atmospheric
noise ratios for all hours recorded during the fall,
winter, and spring seasons

Fig. 43 Probability distributions of atmospheric noise field
strengths for all hours recorded during the fall,
winter, and spring seasons

Fig. 44 Probability distributions of NPG field strengths for
all hours recorded from October 1963 through May 1964
when the entire propagation path was in daylight,
transition, or darkness

Fig. 45 Probability distributions of NPG signal to atmospheric
noise ratios for all hours recorded from October
1963 through May 1964 when the entire NPG propagation
path was in daylight, transition, or darkness

Fig. 46 Probability distribution of NPG field strengths for
all hours recorded from October 1963 through May 1964

Fig. 47 Probability distribution of NPG signal to atmospheric
noise ratios for all hours recorded from October
1963 through May 1964

Fig. 48 Probability distribution of atmospheric noise for
all hours recorded from October 1963 through May 1964

Comparison of Observed 24.0 kc/s Data From Choshi, Japan
With DECO'S Predicted Data

Fig. 49 Probability distributions of predicted and observed
"(f"ri Fig7. 44) MP1 field strengths for all hours
when propagation path was in daylight, transition,
or darkness

Fig. 50 Probability distributions of predicted and observed
(from Fig. 46) NPG field strengths for all hours
from Octobcr through May

Fig. 51 Probability distribution of predicted and observed
NPG signal to atmospheric noise ratios for all hours
of the year for the predicted data, aud for all hours
recorded from October 1963 through May 1964
for the observed (from Fig. 47, modified for bandwidth
and rms noise)
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OECO'S Predicted Reliability Contour Maps
For, NPG, 24.0 kc/s

Fig. 52 Percent of time that the field strength exceeds 20
microvolts per meter for all houes of the year

Fig. 53 Percent of all hours of the yedr that cw communi-
cation will be reliable

Fig. 54 Percent of all hours of the year that 50-baud
teletype communication will be relia.,le
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